ABSTRACT: For many years, the gray leaf spot disease (GLS) caused by the fungus Cercospora zeaemaydis Tehon & Daniels, was not considered an important pathogen of maize (Zea mays, L.) in Brazil. However, the recent adoption of agronomical practices such as no-tillage and cultivation under central pivot irrigation systems increased the incidence and severity to the extent that GLS is now one of the most important diseases of maize. Isolates of C. zeae-maydis can be distinguished by two genetic groups (I and II) based on AFLP markers and on polymorphisms of the ITS and 5.8S rDNA regions. Until now, however, the biological implications of this distinction remain unclear. This study investigated whether isolates from the two genetic groups differ in aggressiveness towards maize. For this, symptoms of a susceptible hybrid were evaluated under greenhouse conditions with 9 and 11 isolates of C. zeae-maydis from groups I and II, respectively. Plants in the V3 growth stage were inoculated by placing sorghum seeds colonized with the pathogen in the leaf whorl and symptoms were evaluated with a visual rating scale 30 days later. On average, isolates of genetic group II were more aggressive than those of group I, with mean disease scores of 3.1 and 2.3, respectively. Differences were also observed between experiments, which suggested that group I and II might also differ in their fitness under different environments. This is the first report on differences in aggressiveness between the two genetic groups of C. zeae-maydis. Key words: disease resistance, gray leaf spot, genetic variability, pathogenicity 
INTRODUCTION
Gray leaf spot, caused by the fungus Cercospora zeae-maydis Tehon & Daniels, is one of the main diseases of maize (Zea mays, L.) in several countries, causing severe losses of up to 65% (Donahue et al., 1991; Ward & Nowell, 1998; Ward et al., 1999) . The main control strategy is to use resistant hybrids (Munkvold et al., 2001) . However, there are reports from breeders that, in some regions, resistant hybrids are susceptible to the pathogen (Fantin et al., 2001 ). This observation suggests that there is an interaction between maize genotypes and environments that could result from the low genetic stability of the hybrids and from the existence of physiological races of the pathogen in different areas, or both. Several studies were performed with the objective to genetically characterize isolates of C. zeae-maydis (Wang et al., 1998; Dunkle & Levy, 2000; Brunelli, 2004) . Using RFLP markers in the ITS region of the 5.8S of the rDNA and AFLP markers, Wang et al. (1998) were able to distinguish more than 100 isolates collected from different areas in the USA separating them into two genetic groups, named groups I and II. Along the same line, Brunelli (2004) identified the same groups from 69 isolates collected in Brazil. In addition, Bair & Ayers (1986) , Dunkle & Carson (1998) , Carson et al. (2002), and Brunelli (2004) demonstrated the existence of differences in aggressiveness among isolates of C. zeaemaydis but did not establish any relationship between these differences and their genetic groups. Thus, until now, levels of aggressiveness between groups I and II have not been studied. The objective of this study was to compare the aggressiveness of isolates belonging to the genetic groups I and II collected in regions of maize cultivation in Brazil.
MATERIAL AND METHODS

Inoculum preparation
Twenty Brazilian isolates of C. zeae-maydis collected in distinct regions and previously characterized by Brunelli (2004) as belonging to either group I (9 isolates) or II (11 isolates) (Table 1) were used in this study. Isolates stored in sterile deionized water at 4ºC were transferred to PDA medium (200 g L -1 of potato, 20 g L -1 of dextrose, and 14 g L -1 of agar) and incubated for seven days at 27 ± 2°C with 12 hrs of light and 12 hrs of darkness. After that, they were transferred to tomato juice medium (STT -200 mL of SuperBom ® tomato juice, 3 g of CaCO 3 , 14 g of agar, and 800 mL of sterile water) and incubated at 25 ± 2°C under 12 hrs of light and 12 hrs of darkness for 15 days (Brunelli et al., 2006) . Inoculum was prepared transferring five medium plugs colonized with the pathogen to sterile 125 mL Erlenmeyer flasks containing 20 g of sterile sorghum seeds and 16 mL of water. Cultures were kept at 25°C under 12 hrs of light and 12 hrs of darkness for 15 days. Sorghum seeds were sterilized in autoclave.
Evaluation of aggressiveness
The aggressiveness of C. zeae-maydis isolates was determined under greenhouse conditions using a four-complete randomized block experimental design in which each plot was represented by a pot (0.3 m × 0.2 m each) containing three plants of the susceptible hybrid DAS-8392, repeating the first experiment from September to October, 2004 and the second from March to April, 2005. Maize plants from the hybrid DAS-8392 were inoculated in the vegetative stage V3 (Ritchie et al., 1993) when plants had four expanded leaves (about 25 days after emergence) placing 10 sorghum seeds colonized with the pathogen in the whorl of leaves. After inoculation and during the subsequent four days, pots were kept in a dew chamber for 16 hrs per day. The experiment was conducted under high humidity (±95%) conditions achieved by daily watering of the greenhouse.
Symptoms were evaluated on leaves 5 and 6 of each plant 30 days post inoculation, when lesions were easily visible. For this, a diagrammatic scale developed by Brunelli (2004) consisting of four scores based on the number of lesions per leaf was used. In this scale, score 1 corresponds to leaves without symptoms, 2 corresponds to leaves with less than 10 chlorotic spots, 3 corresponds to leaves with > 10 of both chlorotic and elongated necrotic lesions delimited by major leaf veins including some with sporulating spots, and score 4 to leaves with > 20 of both such lesion types. 
RESULTS AND DISCUSSION
The average temperatures during the first and second experiments were 27°C and 29°C, respectively and the mean relative humidity was 95%. According to Paul & Munkvold (2005) , these conditions are considered ideal for the development of the gray leaf spot. The maintenance of high humidity in the greenhouse and the use of the dew chamber in the first four days after inoculation helped to maintain these high humidity conditions needed for the survival of spores and infection of plants (Beckman & Payne, 1983; Thorson & Martinson, 1993; Asea et al., 2005) . The first characteristic symptoms of GLS were observed after a period that corresponded to the reported latent period of this disease under field conditions (14-28 days), according to Latterell & Rossi (1983) , thus indicating that the infection process in the greenhouse environment was similar to that expected in the field.
The coefficient of variation (5.57%) observed for both experiments is acceptable according to Pimentel-Gomes & Garcia (2002) , suggesting good experimental precision. These authors reported that experiments conducted under well controlled conditions, like experiments in laboratory or greenhouse, usually present low coefficients of variation, sometimes lower than 5%.
Significant differences were observed in aggressiveness among isolates both between and within genetic groups (Table 2; Figure 1 ). The mean disease scores of isolates from groups I and II were 2.30 and 3.14, respectively, indicating that isolates from group II were, on average, more aggressive than those from group I. A significant variation within groups was also detected. For instance, isolates I 10 and I 9.2, from group II, and I 7.1, from group I, were collected in the same place (Indianópolis, MG) but differed in aggressiveness (Figure 1) , indicating variation for this important trait within populations of C. zeae-maydis. This suggests that aggressiveness is an intrinsic characteristic of the individual and not of the population within of a given area.
Differences in aggressiveness among isolates of C. zeae-maydis were reported earlier but were not related to their genetic background. Bair & Ayers (1986) , for instance, inoculated 15 isolates in four susceptible hybrids, both in greenhouse and in the field and found significant variations in lesion length and in disease severity among isolates. However, at that time, the existence of genetic groups within C. zeaemaydis was not yet established. Dunkle & Carson (1998) evaluated seven isolates of C. zeae-maydis under field conditions, four being from group I and three from group II and observed a broad variation in aggressiveness within genetic groups, but not between groups. However, the authors indicated the need for a more extensive study with more isolates in order to conclude that there is no variation in aggressiveness between groups. Carson et al. (2002) also reported on the variation in aggressiveness among isolates, but used only one isolate from group II. Finally, Okori et al. (2004) studied 27 African isolates of C. zeae-maydis all belonging to group II and also reported significant differences in aggressiveness between isolates. Thus, our results are the first relating such differences to the established genetic groups of this pathogen. The biological basis of this phenomenon remains to be determined but it is here speculated that this may be due, at least in part, to the production of the phytotoxin cercosporin. Dunkle & Carson (1998) reported that group II isolates grow slower and do not produce or produce a lower amount of cercosporin in culture. Under light, cercosporin generates toxic reactive oxygen intermediates that lead to host cell death (Daub & Ehrenshaft, 2000) . Besides, these intermediates are recognized elicitors of defense mechanisms of the plant (Dangl et al., 1996) . Therefore, if the production of cercosporin in the host is the same as in the culture, then Group I isolates would produce greater amounts of cercosporin upon infection resulting in the early activation of host responses and therefore a lower degree of aggressiveness as compared to Group II isolates.
Another finding was that significant interactions were found among isolates and experiments (Table 2, Figure 1 ). Of special relevance was that the mean aggressiveness of Group I isolates was higher in the first experiment than in the second (2.64 and 1.86, respectively), whereas the opposite (2.85 and 3.42, respectively) occurred for isolates of Group II (Figure 1 ). This could result from differences in environmental conditions since the experiments were conducted in different seasons. In the second experiment, for instance, the mean maximum and minimum temperatures (30.0 and 18.2 o C, respectively) were higher than in the first (29.0 and 15.7 o C, respectively). It is known that environmental factors have a tremendous effect on GLS development, especially relative humidity and temperature (Ward et al., 1999 , Beckman & Payne, 1982 . However, our observations further suggest that, in addition to differences in aggressiveness, Group I and II isolates might also differ in their fitness under different environments. This fact might be of special relevance in Brazil, where maize is cultivated under a wide variety of conditions, ranging from cool and dry summers in Southeast as compared to the Central Region. There might also be marked variations between the two main planting seasons within a region. In Central and Southeast Brazil, for example, GLS epidemics are more severe for the late cropping season, which normally begins in January and extends in April, when temperatures, relative humidity and solar radiation levels towards the end of the cycle are lower than in the normal season, which begins in November/December. Thus, it would be important to assess the frequencies of both groups in different regions and during different cropping seasons in order to establish a relationship, if any, between shifts in frequencies and greater or lower severities of GLS. Carson et al. (2002) noted that less aggressive isolates were less efficient in discriminating resistance levels of maize hybrids, indicating the importance of knowing their level of aggressiveness in order to maximize the selection gain when relying on artificial inoculation to evaluate the resistance of maize plants to gray leaf spot. Thus, our study further corroborates with this conclusion.
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